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Description 

This invention relates to fluorinated chiral smectic liquid crystal compounds, to a process for the preparation of 
such compounds, and to liquid crystal compound mixtures and electrooptical display devices containing such com- 
pounds. 

Devices employing liquid crystals have found use in a variety of electrooptical applications, in particular those 
which require compact, energy-efficient, voltage-controlled light valves, e.g., watch and calculator displays, as well as 
the flat-panel displays found in portable computers and compact televisions. Liquid crystal displays have a number of 
unique characteristics, including low voltage and low power of operation, which make them the most promising of the 
non-emissive electrooptical display candidates currently available. However, slow response and insufficient nonline- 
arity can impose limitations for many potential applications. The requirement for speed may become especially impor- 
tant in proportion to the number of elements which have to be addressed in a device. This limits the potential use of 
some types of liquid crystals. 

The modes of liquid crystal displays that are most extensively employed at the present are twisted nematic (TN), 
supertwisted birefringence effect (SBE), and dynamic scattering (OS), all employing nematic or chiral nematic (chol- 
esteric) liquid crystals. These devices are based upon the dielectric alignment effects (Freedericksz effect) of the nemat- 
ic and/or chiral nematic liquid crystal (or mixtures of nematic or chiral nematic liquid crystals) upon application of an 
electric field. The average molecular long axis of the liquid crystal material takes up a preferred orientation in the applied 
electric field, the orientation of which is dependent on the sign of the dielectric anisotropy of the material or mixture, 
and this orientation relaxes upon removal of the applied electric field. This reorientation and relaxation is slow, on the 
order of a few milliseconds. 

Although nematic and chiral nematic liquid crystals are the most extensively employed, there are liquid crystal 
devices that employ more highly ordered smectic liquid crystals. For example, materials with a smectic A mesophase 
are useful in device applications, as described by Crossland et al. in U.S. Pat Nos. 4,411,494, 4,419,664, and 
4,528,562, and by F. J. Kahn in Appl. Phys. Lett. 22. 1 1 1 (1 973). These devices are based on the dielectric reorientation 
of the liquid crystals, and response times are on the order of milliseconds. 

Mixtures which exhibit a chiral smectic A mesophase are also useful in device applications, as described by La- 
gerwall et al., 1st International Symposium On Ferroelectric Liquid Crystals. 8ordeaux-Arcachcn, France, 1987. These 
mixtures exhibit an electrooptic effect which is termed a soft-mode ferroelectric effect, and sub-microsecond switching 
can be achieved. 

MateriaJs with a smectic C mesophase are useful in device applications, as described by Pelzl et al. in Kristall 
Technik. J4, 817 (1979), Mol. Cryst. Uq. Cryst. 53, 167 (1979), and Liquid Crystals 2, 21, 131 (1987). These devices 
are based on the dielectric reorientation of the liquid crystals, and the response times are slow. 

A recent advance in the liquid crystal art has been the utilization of tilted chiral smectic liquid crystals, which are 
also termed ferroelectric liquid crystals, in devices which give microsecond switching and bistable operation not possible 
in any of the device applications described above. Ferroelectric liquid crystals were discovered by R. 8. Meyer et al. 
(J. Physique 36, 1 -69 (1975)). A high speed optical switching phenomenon was discovered for the ferroelectric liquid 
crystals by N. A. Clark et al. (Appl. Phys. Lett. 36, 899 (1980) and U.S. Pat. No. 4.367,924). 

Fluorine-containing ferroelectric liquid crystal materials have recently been developed. U.S. Pat. No. 4,886,619 
(Janulis) discloses fluorine -containing, chiral smectic liquid crystal compounds which comprise a fluorocarbon terminal 
portion and a chiral hydrocarbon terminal portion, the terminal portions being connected by a central core. U.S. Pat. 
No. 5,082,587 (Janulis) discloses achiral, fluorine-containing liquid crystal compounds which comprise a fluorocarbon 
terminal portion and a hydrocarbon or another fluorocarbon terminal portion, the terminal portions being connected by 
a central core. U.S. Pat. No. 5,262.082 (Janulis et al.) describes achiral, fluorine-containing liquid crystal compounds 
comprising an aliphatic fluorocarbon terminal portion having at least one catenary ether oxygen and an aliphatic hy- 
drocarbon terminal portion, the terminal portions being connected by a central core. 

International Publication Nos. WO 88/03530 (Merck) and WO 91/00897 (Merck) disclose chiral or achiral ring 
compounds which may be used as components of chiral, tilted, smectic liquid-crystalline phases with ferroelectric 
properties. 

U.S. Pat. No. 5,051,527 (Suzuki at al.) describes novel ferroelectric liquid crystal compounds having an optically 
active fluoroalkyl radical. 

The high speed switching of the ferroelectric liquid crystals can be utilized in many applications, e.g., light valves, 
displays, printer heads, and the like. In addition to the microsecond switching speeds, some ferroelectric liquid crystal 
device geometries exhibit bistable, threshold-sensitive switching, making them candidates for matrix-addressed de- 
vices containing a large number of elements for passive displays of graphic and pictorial information, as well as optical 
processing applications. 

The present invention relates to the subject-matter disclosed in the claims. 

Briefly, in one aspect, this invention provides fluorine-containing, chiral, optically active, liquid crystal compounds 
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having smectic mesophases or latent smactic mesophases. (Compounds having latent smect.c mesophases are those 
which by themselves do not exhibit a smectic mesophase. but which, when in admixture with compounds having smectic 
mesophases or with other compounds having latent smectic mesophases, develop smectic mesophases under appro- 
priate conditions ) The chiral liquid crystal compounds of the invention comprise (a) an aliphatic fluorocarbon terminal 
portion containing at least two catenary, i.e., in-chain, ether oxygen atoms; (b) a chiral. aliphatic hydrocarbon terminal 
portion- and (c) a central core connecting the terminal portions. The aliphatic fluorocarbon terminal portion can be 
represented by the formula -D^F^C/^,. where x is independently an integer of 1 to 10 for each C^O group, 
y is an integer of 1 to 10, z is an integer of 2 to 10, and D is selected from the group consisting of a covalent bond. 

O 
1 


-OSO,-, -S0 7 -, -SC^-C^-, -C^-N-SOj-, -CMC-, -CH-CH-, 

oo o 

-C-, -O-C-C^-, -C^-N-C-, -CH-N-, -0-, -S- , -N (C^,) -, 


and combinations thereof, where r and f are independent^ integers of 1 to 20, s is independently an integer of 1 to 
10 for each (C^O), t is an *iteger of 1 to 6, and p is an integer of 0 to 4. The (C^Ol.C/^, group of the fluoro- 
carbon terminal portion can contain small amounts of residual carbon-bonded hydrogen atoms but is preferably com- 
Dletely fluorinated. Preferably, the fluorocarbon terminal portion is a linear group represented by the formula -0 
(WlzC/^.. where x is indepenoerrt'y an integer of 1 to 6 for each cy^O group, y is an integer of 1 to 6. and 

Z 13 fngeneral °J.e compounds of this invention have a central core comprised of at least one or two rings independently 
selected from the group consisting of aromatic, heteroaromatic. alicyclic, substituted aromatic, substrtuted heteroaro- 
matic, and substituted alicyclic rings, the rings being connected one with another by a covalent bond or by chemical 
groups selected from the group consisting o. -COO, -COS-, -HC=N-, -CH=CH, -C-C-, and -CO Se- Th. Mg.cjn 
be fused or non-fused. The heteroatoms within the heteroaromatic rings comprise at least one atom selected from he 
group consisting of nitrogen, oxygen, and sulfur. Non-adjacent methylene groups in the alicyclic rings can be substttuted 

by oxygen or sulfur atoms. . 

The chiral liquid crystal compounds of the present invention are optically active (except when in the form of a 
racemic mixture) and are useful alone or in admixture with other chiral or achiral liquid crystal compounds for elec- 
trooptical display applications. The compounds of the invention have a number of desirable propert.es when used in 
admixture with other liquid crystal compounds, preferably compounds having t^*"™** P ort ™* 
those compounds disclosed, (or example, in U.S. Pat. Nos. 4.886,619 (Janul.s), 5.082,537 (Janu lis), and 5,262,082 
(Janulis at al ) For example, the compounds of the inventbn when admixed with such preferred liqu,d crystal com- 
pounds show good compatibility, show only a minimal effect on the smectic C temperature range ol the resulting mix- 
tures, and provide ferroelectric mixtures which are switchable and bistable. 

Most importantly, the chiral, fluorine<ontaining compounds of the invention when used in admixture w,th the achiral 
fluorine^on£ning liquid crystal compounds of U.S. Pat. No. 5.262.082 (Januls at at.) provide mixtures which exhibit 
higher memory to Ult angle ratios than mixtures of the same achiral compounds with chiral. hydrocarbon liquid crystal 
compounds 7his is important because a high memoiy to tilt angle ratio is essentia, for a high contrast ferroe.ec nc 
2 costal devce (i.e' the memory to tilt angle ratio should ideal.y be equal %g 
device to have an optimum contrast ratio). (See. e.g.. the discuss.on by A. Mochizuk. at al.. SPIEJ665, 108^)9 (1992), 
as well as European Pat Publication No. 0 548 548 Al (Canon Kabushiki Kaisha).) 

Cuorine'-containing liquid crysta. compounds of the invention also have good ch 
weak acids and weak bases; do not undergo degradation during normal use in a liquid crystal display device, and are 
Zochlm'icSv stable, i.e., do not easi* undergo photochemical reactions. Many of these compounds, due to the 
aSpSicTuofocarbon terminal portion, have enhanced smectogenic properties and lower b.ref ringences than the 
ncn-ftorine-Staining analogues. The compounds, and matures which contah them, are useful in a variety c .l.c- 
SjSSJJs In particular, many of these fluorinated materials exhibit smectic mesophases and are useful in the 
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formulation of nematic; chiral nematic, i.e., cholesteric; smectic A (SmA); smectic C (SmC); chiral smectic A (SmA*); 
and chiral smectic C (SmC*) mixtures. 

In other aspects this invention also provides a mixture of liquid crystal compounds comprising at least one liquid 
crystal compound of'the invention in admixture with other chiral or achiral liquid crystal compounds, with the proviso 
that the admixture is not a racemate. a liquid crystal display device containing at least one liquid crystal compound of 
the invention alone or in admixture with other chiral or achiral liquid crystal compounds, with the proviso that the ad- 
mixture is not a racemate, and a process for preparing the liquid crystal compounds of the invention. 

The liquid crystal compounds of the present invention can be represented by the general formula I: 


10 


R-fMhA-eNhBfPh-D-IV 


(I) 


IS 


where M, N, and P are each independently, selected from the group consisting of 


20 


2S 



o . do 



3S 




45 


n^n 0^0 


55 


a b, and c are each independent* zero or an integer of from 1 to 3, with the proviso that the sum of a + b + ■ e : be at least 1 ; 
each A and B are non^irectionally and independently selected from the group consisting of a covalent bond, 


4 


10 
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0 0 0 

-c-O-, -c-S-, -C-Se-, 

0 

-C-Te-, -(CH 2 CHj) k - where k is 1 to 4, 

0 
I 

-CH-CH-, -CC-, -CH-N-, -CHj-O-, -C-, and -O- ; 


25 


each X. Y. and Z are independently selected Irom the group consisting o( -CI, -F, -Br, -I, -OH, -OCH 3 , -CH 3 , -CF 3 , -OCF 3 

is -CN, and -NO* 

each I, m. and n are independently zero or an integer ot 1 to 4; 
D is selected from the group consisting of a covalent bond. 

o I I 

-C-0-C.H*-, -O-C^-, -O-C-C^-, -C-C-, -CH=CH-, -C-. 
-OSO,-, -SO,-, -50,-C.Hj,-, -C^-N-SO,-, -NfC^,) 

30 O 

II 

-CHv-N-C-, -CK=N-, 

I 

35 

and combinations thereof, where r and f are independently integers of 1 to 20. s is independently an integer of 1 to 
10 for each (^H^O). t is an integer of 1 to 6, and p is an integer of 0 to 4; 
R is selected from the group consisting of 

40 

-O- ( (C,.^..,.- (R' ) ,.) -O) w-<Wi-»-( R ' ) v / 
- ( (C,.H^- (R' ) -0) V -C^ +1 ^- (R' ) v/ 

-c-O-C^^-CR')*, -o-c-c^ tl ^-(R')„ and 


so 


55 


CR' J^CR'-C q H2q+ 1-v— (RO v , 

where each R is independently selected from the group consisting of -CI, -F. -CF 3 , -NO a , -CN, -H. -0,^,. 


5 
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0 0 

1 II 
-O-C-C^H^,, and -c-O-C^H^, 

whera q' is independently an integer of 1 to 20 for each (C q .H 2q ,-0), q is an integer of 1 to 20, w is an integer of 0 to 
10, v is an integer of 0 to 6, each V is independently an integer of 0 to 6, g is an integer of 1 to 3, g' is an integer of 1 
to 3, each D is independently selected from the group set forth above, and R can be linear or branched, with the proviso 
that R is chirai; and 

R f is^C^O^CyF^, where x is independently an integer of 1 to 10 lor each {CJr&O), y is an integer of 1 to 10, and 
z is an integer of 2 to 10. 

Preferably, R f is linear, x is independently an integer of 1 to 6 for each (C^F^O), y is an integer of 1 to 6, and z is an 
integer of 2 to 6. 

Preferred classes of the chirai compounds of the invention can be represented by the following formulas: 


o-^^-oaa,, 


1 # "^"L°~XZ) — C-^" 00 ^ 0 * ^ x ° )bECyF2ri 
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5 where x is Mependentiy an integer or 1 to 6 for each C^O; y is an ^teger of 1 to 6; 2 is an integer of 2 to 4; j is an 
integer of 0 or 1 ; and FT is selected from the group consisting of (RVC q H 2q+1 . v and 


15 


20 


25 


30 


35 


where each q is independent.y an Weger of 2 to 10: each FT ^^^"f^ *?* ZZ*£ 
hydrogen, fluorine, chlorhe, methyl, and perfluorcmethyl; v « an integer of 1 to 4; and C,H 2 , and C q H 2cH can be linear 

° f b Many e of the compounds of the present invention have suppressed nematic mesophases (i.e exhibit no or very 
sman ^ma ic mesophase temperature ranges) and enhanced smectic mesophases. Matures of the eornpound^ 
^tvenrton with other liquid crystal materials can be formulated to provide desired transits temperatures and broad 
the indention wan a n . q y pr9 f 9ra bly contain compounds having fluor.nated term.nal port.ons, 

rhtTJe 'Z££?2^T~JL. in U.S. Pat. Nos. 4. SG 6,6t9 (Oanu.,), 5.082,537 (Janulis). and, 

^e^^iW with other chira, or achira! liqu* c,sta, compounds exh.it chW 
smecJc (Electric) liqutf crystal behavior. Furthermore, the compounds of the invents when mixed w, th , achir* 
Z^e t "ZaJ 9 liquid costal compounds (e.g.. those described h U.S. Pat. No. 5.262.082 (Janubi at a..) exhibr, 
^Zc^p^L defence of the smectic interlayer spacing. This property proves for the spontaneous 
aeneration of a bookshelf layer structure, which is ideal for a ferroelectric liquid crystal device. 

^oTher advantage of using the materials of this invention in the formulation of Hqu,d crystal matures « the ow 
vJXS^^L be obtLed. The tow birefringence of the liquid crystal compounds of the .vent.on (revive 
rnrnon^uorine.ontaining ana.oques) a„ows the fabrication of devices w«h Marge, 

mission through, e.g.. a surface-stabilized ferroelectrk: device (as described in U.S. Patent No. 4,367,924) with two 
polarizers is represented by the following equation: 


I = I (sin 2 (40)) (sin 2 («And/X)) 


where 


l 0 = transmission through parallel polarizers 

40 0 = material tilt angle 

An = liquid crystal birefringence 

d = device spacing 

X = wavelength of light used 


To maximize the transmission, both sin^e) and sin2(*And/X) must be at maximum. This occurs when each term 
equa's Z. The firs, term is a maximum when the tilt angle equals 22.5'. This is a function o, *. l^ ^ and. 
constant for a given material at a given temperature. The second term a max,mum when And =V2. 
STc Uicality of the low birefringence of the materials o. this invention. Low biref nngence altows a larger 
nir dtr^en wavelength' of light. Thus, a fcrger dev.e spacing is possible while stii, maximizmg transm.ss.on, 

X a " 0W ; n e Sc^cSS^^ compounds of the invention can be prepared by a process comprising the 
steps of (1 ) mixing at least one compound represented by the formula 


ss 


1 
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I I 


with at least one compound represented by the formula 


b' '-ePK-D-Rf 


or (2) mixing at least one compound represented by the formula 


I 

X, 


with at least one compound represented by the formula 


where M 


A"-eNKBfPh"D-Rf 
I I 

, N. and P are each independently selected from the group consisting of 



o . 



no 


8 
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.o.O. 


IS 



20 


25 


JO 


a b andcare each independent* zero or an integer of from 1 to 3, with the proviso that the sum of a + b + c be at least 1; 
each A and B are non<lirectionai(y and independently selected from the group cons.stmg of a covalent bond. 


O 
I 


0 o o 

1 1 Ac 

-C-0-, -OS-, -C-Se-, 


-C-Te-, -(CH : CH 2 ) k - where k is 1 to 4, 

0 

i 

-CH=CH-, -oc-, -CH=N-, -CHj-o-, -C-, and -o- ; 


aach A' A" B* and B" are independently selected from the group consisting of -OH, -COOH, -CH(CH 2 OH) 2 , -SH. 
tt Sh TeH ' -N H r COct -CHQ -OSO a R OS0 2 CH 3 . -OS0 2 <yclo<C 6 H 4 )-CH 3 . and -CH 2 COOH, wt,ere R,' ,s a per- 
fiuolSl grouping from 1 to 10 carbon atoms, and with the proviso that A" can enter into a coupl.ng reacfon wrth 
A" and that B' can enter into a coupling reaction with 8"; nu „ H rH __p . OCF , 

each X, Y, and Z are independently selected from the group cons.stmg of -CI, -F. -Br, -I. -OH, -OCH 3 , -CH 3 , -CF 3> OCh 3 

-CN, and -NOg; 

40 each I, m, and n are independently zero or an integer of 1 to 4; 
□ is selected from the group consisting of a covalent bond, 


4S 


so 


O 0 ° 

8 I ■ 

-C-O-C^-, -0-C.H*-, -O-C-C^-, -C-C-, -CH-CH-, -C-, 
-OSO,-, -SO,-, -SOj-C^-, -C^-N-SO,-, -NCC^H^^)-, 


SS 
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O 
1 

-C-H 2r -N-C-, -CH=N-, 
I 

and combinations thereof, where r and t are independently integers of 1 to 20, is independently an integer of 1 to 10 
for each (C,Hj.O). t is an integer of 1 to 6, and p is an integer of 0 to 4; 
R is selected from the group consisting of 

-O- ( (C^v- (R' ) v) -0)„-C^ +1 ^- (R' ) yt 
- ( (C,^.- (R' ) r) -O) .-C^j, + 1 . T - (R' ) y , 

0 H 


R' ^CR'-CoI^o+l- 


where 


each FV is independently selected from the group consisting of -CI, -F. -CF 3 , -NO* -CN, -H. -CqH^, 


-0-C-C,H 2 ,, + ,, and -C-O-CJl^, 

where q" is independentiy an integer of 1 to 20 for each (C q .H 2q ,-0). q is an integer of 1 to 20, w is an integer o, , o ,o 
10 v is an integer of 0 to 6, each V is independently an integer of 0 to 6, g is an nteger of 1 to 3. g ,s an integer of 1 
to 3, each D is independently selected from the group set forth above, and R can be linear or branched, wrth the provso 

prJjC tHo) SL , where x is independent* an integer of 1 to 10 for each C^O, y is an integer of 1 to 10, and 
zTan^nfe^^O (preferabV, R, * linear, x is independently an Nteger of 1 to 6 for each (C^O), y is an ,nteger 
of 1 to 6 and z is an integer of 2 to 6); • 
and allowing said A' and A* or B' and B" to react, optionally in the presence of suitable coupling agent(s), ..a., reagent 

<3) W Scts"Sd^Sges of this invention are further illustrated by the following examples, but the particutar ma- 
ter^s and amounts thereof recited in these examples, as we., as other conditions and detaiis, should not be construed 

,Q t Z 'S^^s. a., temperatures are in degrees Centigrade and a„ parts and percentages are by weight 
un.e s ndLatJoLrw«e. CommercLly avai.able materia* were chemical.y transformed by reacfon pathways weH- 
Tw c thl billed in the art and detaiied in the exampies. Chemical transformations were 
esterification. etherification. alkylate, and combinations thereof using nuor ln e<onta,n,ng and n ^"°™«°"^ ng . 
Octants to provide me precursor compounds, which, in turn, were caused to react together to y,e.d the ch,ral.fluonne 

^mp 9 !^ 

and structures were confirmed by using at least one of the fo.lowing methods of analyse chromatography, 
and 19 F-NMR; and infrared and mass spectroscopies. m ^ h nH Ascribed bv 

The 5.alkvl-2-(4-hydroxyphenyl)pyrimWines used in the examples were prepared us«g the ***** * 

ZasieHa^ 


10 
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loxy-phenyl]pyrimidine\ 2. Cham. 15, 441 -43 (1 975). 
EXAMPLES 

Examples 1-17 describe procedure* for preparing liquid crystal compounds ol this Invention. The chemical 
structure of each compound Is given In Table 1. 

Example 1 

Preparation of S-{(S)-2-Chloro-4-methyl-pentanoyloxy)-2-{4-{1 I 1 -dlhydroperfluoro-2 -<butoxyethoxy)ethoxy) 
phenyl)pyrlmldlne (Compound 1, Table 1) 

A 25 weight percent solution of sodium methoxida in methanol (82.5 ml. 0.36 moles) was added to a solution of 
2-b a nzyloxytrimethinium perchlorate (30 g, 0.09 moles) (prepared according to the procedure of A. Holy and 2. Arnold. 
Collection Czechoslov. Chem. Commun. 38. 1372 (1973)). para-hydroxybenzamidine hydrochloride (15.6 g, 0.09 
moles) and 500 ml ot athanol. Tha resulting mixture was heated to reflux overnight and then cooled to room temper- 
ature Glacial acetic acid (75 ml) and 300 ml of water was added to tha cooled mbcture, resulting in the preoption of 
product. The product was collected by filtration, washed with water, and air dried to give 23.06 g of 5-benzyloxy-2- 
(4-hydroxyphenyl)pyrimidine. . 

Sodium hydride (1 7 g) was carefully added to a solution of 5-benzyloxy-2-(4-hydroxyphenyl)pyrimid l na (18 g. 
0 0647 moles) in 150 ml of N,N-dimethylformamide (DMF). The resulting solution was stirred for 15 mmutes. 1.1-0.- 
hydro P ertluoro-2-(buto X ye 1 hoxy)ethoxy trifluoromethanesullonate (36.5 g. 0.0647 moles) (prepared essentially as ,n 
Example 4 below) was then added, and the resulting mixture was heated to 95'C for 1 hour. Upon cooling to room 
temperature an equal volume of water was added to the cooled mixture. A solid precipitated and was collected by 
filtration The solid was then slurried in boiling methanol, cooled to room temperature, and again collected by filtration. 
The collected solid was hydrogenated on a Parr™ Hydrogenator with catalytic 10% palladium on carbon in tetrahy- 
drofuran under 60 psi (3100 torr) hydrogen pressure for approximately 18 hours. When the hydrogenafon was com- 
plete, the catalyst was removed by filtration, and the solvent was removed on a rotary evaporator to y.eld 25.62 g of 
5-hvdroxy-2-(4-(1 1 -dihydroperfluoro-2-(butoxyethoxy)ethoxy)phenyl)pyrimidine. 

Oxalyl chloride (1 ml. 2M in Cr^CL,) was added to a solution of 2-(S)-chloro-4-methylpentanoic ac«d (0.27g. 1.83 
mmoles) in 5 ml of methylene chloride. One drop ol DMF was added to the resulting solution, and bubblmg was ob- 
served The resulting mixture was stirred at room temperature for 1 hour, and the volatile matenal was then removed 
under vacuum on a rotary evaporator. The flask containing the remaining mixture was rapressunzed wrth dry mitogen, 
and the resulting acid chloride was dissolved in 5 ml of methylene chloride. This solution was then added d.rectJy to a 
solution of 5-hydroxy-2-(4-(l , 1 <Jihydroperfluorc-2-(butoxyethoxy)ethoxy]phenyl)pyrimidine (1 g, 1 .66 mmoles) and py- 
ridine (0 2 ml 2 49 mmoles) in 5 ml of methylene chloride. The resulting mixture was stirred at room temperature 
ovemiqhL Silica gel (5 g) was then added to the mixture, and the solvent was removed on a rotary evaporator. A product 
adsorbed onto the silica gel was then transferred to the top of a 50 g bed of silica gel. The product was eluted us.ng 
a mixture of 20 parts by volume of hexane and 1 part by volume of ethyl acetate. The resulting whrte solid was recrys- 
tallized from methanol to yield 0.4 g of Compound 1 . Table 1 . 

Example 2 

Preparation of 5-{2-<S)-Chloropropan 0 yloxy)-2-(4^1 l 1-dihydrop e rfluoro-2 -(hexyloxy e thoxy)ethoxy)phenyl) 
pyrimldino (Compound 2, Table 1) 

This compound was prepared from 2-(S)-chloropropionic acid and 5-hydrox y -2-(4-(l,1^ihydroperfluoro-2-(hexy- 
loxyethoxy)elhoxy)phenyl) P yrimidine (prepared essentially as in Example 1 (which references Example .4) except sub- 
string methyl peloro-2-(hex y loxyethoxy)acetate for methyl perfluoro-2-(butoxyethoxy)acetate ,n *e P^paranon 
of t h e precursor alcohol according to Example 3 of U.S. Pat. No. 5.262,082 (Janu.is at a..)) essentially as described 
in Example 1 . 

Example 3 

Preparation of 5-{2-(S)-Chloro P ropanoy.oxy)-2-{4H1,1-dih y dro P erf.uoro-4H4 -butoxybutoxyjbutoxyjphenyl) 
pyrlmldlne (Compound 3, Table 1) 

This compound was prepared from 2-(S)-chtorcpropionk: acid and 5-hydroxy-2-(4-(1,1^ih y droperfluoro-4-(4-bu- 
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to 


20 


toxYbutoxy)butoxy)phenyl)pyrimidine (prepared essentially as in Example 1 (which references Example 4) except sub- 
stitute methyl perfluoro-2-(butoxybutcxy)butyrate for methyl perfl U oro-2-(butoxyethoxy)acetate in the preparation of 
the precursor alcohol according to Example 3 of U.S. Pat. No. 5,262.082 (Janulis at al.)) essentially as described in 
Example 1 . 

Example 4 

Preparation of 6-(1,1-Dlhydroperfluoro-2-(butoxyethoxy)ethoxy)-2-(2-(S) -chloropropanoyloxy)napthalene 
(Compound 4, Table 1) 

650 g of 1 1 -dihydroperfluorobutoxyethoxyelhanol (prepared essentially as in Example 3 of U.S. Pat. No. 5,262,082 
(Janulis et al )') and 204 g of Methyl amine were mixed together in a flask fitted with a dry ice (-78"C) finger condenser, 
a thermometer a dip tube for gas addition, and an overhead stirrer. The system was purged with dry nitrogen and was 
kept under slightly positive nitrogen pressure. With good stirring, the flask was cooled to -14'C. The nitrogen was then, 
is shut off and 345 g of 91 weight percent trifluoromethanesuHonyl fluoride gas was added to the flask. The resulting 
reaction was allowed to run for two hours, and then 360 ml of water was added to the flask. The resulting crude product 
was washed with 360 ml of 3.5 weight percent HCI and 360 ml of water to give 872 g of washed, crude product. The 
washed product was distilled at a head temperature of 61-7STC (3.5 mm Hg. 3.5 torr) to give 772 g of 1 , 1 -dihydroper- 
fluoro-2-(butoxyethoxy)ethoxy trifluoromethanesulfonate (92% yield). 

6-Benzyloxy-2-napthol (2 5 g. 0.010 moles) was slowly added to 0.7 g of 60 weight percent sodium hydr.de in 
m^eral oil suspended in 25 ml of dry dimethoxyethane. After stirring the resulting solution for 20 routes at room 
temperature the solution was cooled in an «e bath. 1 , 1 -dihydroperfluoro-2-(butoxyethoxy)ethoxy tnfluoromethanesul- 
fonate (6 2 g 0 011 moles) was then added slowly to the cooled solution. When the addition was complete, the ice 
bath was removed, and the resulting mixture was stirred at room temperature overnight. The solvent was then removed 
* from the mixture under reduced pressure, and 25 ml of water and 25 ml of diethyl ether were added. After all solids 
had dissolved, the resulting aqueous and ether layers were separated, and the aqueous layer was extracted twice with 
25 ml of diethyl ether. The ether layers were combined, washed three times with 20 ml of water, and dried wrth anhydrous 
magnesium sulfate, and the solvent was removed on a rotary evaporator. The resulting solid was dissolved in tetrahy- 
drofuran and hydrogenated at 60 psi (3100 torr) in the presence of catalytic 10% palladium on carte* for 18 hours. 
30 When the hydrogenation was complete, the catalyst was removed by filtration, and the solvent was removed on a 
rotary evaporator. The resulting solid was recrystallized from hexane to yield 2.5 g of e^.l^ihydroperfluoro-aKbu. 

^o"^^^ 2-<S)-ch,oropro P ionic acid and Ml.Vdihydroperfluoro^.butoxyethoxy) 

ethoxy)-2-hydroxynapthalene by essentially the esterification process described in Example 1. 

Example 5 

Preparation of S-(1 I l-Olhydroperfluorc-2-(butoxyethoxy)ethoxy>-2-(4-((S)-2-chloro-4 -methylpentanoyloxy) 
phenyl)pyrlmldlne (Compound 5, Table 1) 

To a solution of S-ben Z yloxy-2-(4-hydroxyphenyl)pyrimidine (Sg. 0.0 1 80 moles) (prepared essential* as in Example 
1) and imidazole (2 5g. 0.0360 moles) in N.N^imethylformamide (DMF) (50 ml) was added 2.7 g (0.0130 moles) of t- 
butyldimethylsilylchloride. The resulting mixture was stirred at room temperature for 4 weeks. The stirred mixture was 
then poured into 100 ml of dilute bicarbonale, and the resulting solid was collected by filtration. After recrystallcat.on 
from methanol, the solid was hydrogenated at 60 psi (3100 torr) with catalytic 10% palladium on carbon for 48 hours 
The catalyst was then removed by filtration, and the solvent was removed on a rotary evaporator to yield 2.4 g of 
5-hydroxy-2-(4-(t-butyldimethylsiloxy)phenyl)pyrimidine. „ k ,^i n1 c m | n ,nup 
The 2 4 g (0.0079 moles) of 5-hydroxy-2-(4.(t-butyldimethylsiloxy)phenyl)pyr,m,d,ne was dissolved in 15 ml of 0MF 
and treated with 0.2 g of sodium hydride. Altar stirring at room temperature for 5 minutes. 4.5 g (0 0079 moles) of 
1 i-dihydrop e rfluoro-2-(butoxye.hoxy)ethoxv trifluoromethanesulfonate (prepared essentially as in 
added to the treated solution, and the resulting mixture was heated to 90*C lor 1 hour. After coolmg to room temperature 
STbZ ^transferred to a separatory funnel with 50 ml of water and was extracted wrth two 20-m. aliquot of 
hll: The resuming chtorotorm layers were then combined and washed «h ^^so ^ er, and h 
solvent was removed on a rotary evaporator. The resulting brown oil was chromatographed on silica gel (10 1 hexane. 

eCacW 

midi Tne 5.<1,1-dfcydroperf.uoro-2-(butoxye.ho^ 

moles! was dissolved in 5 ml of te.rahydrofuran (THF) and treated with 4.2 ml of 1 M te.rabutyfcmmon.um fluorde. After 
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is 


20 


25 


stirring the resulting mixture for 2 hours at room temperature, 10 ml of dilute aqueous ammon.um chloride was added 
to the mixture The mixture was then extracted three times with S ml aliquots of diethyl ether, and the resulting ether 
lavers were combined and washed twice with 5 ml aliquots of water. The ether was removed from the nurture using a 
rotarv evaporator to give a waxy, white solid. The solid was chromatographed on silica gel (using 5 volume percent 
5 methanol in chloroform as the eluent) to yield 1 .09 g of S-(1 .1 ^ihydroperfluoro-2-(butoxyethoxy)ethoxy)-2-(4-hydrox- 

Co y mpo^ d S was then prepared from S-2«hloro-4-methvlpen. a no* acid and S-d.^dihydroperfluoro-^butox- 
yethoxy)ethoxy)-2-(4-hydroxyphenyl)pyrimWine by essentially the esterification process described ,n Example 1. 

io Example 6 

Preparation of 5-((S)-2-Chloro P ropoxy)-2-(4-(1,1^ihydroperfluoro-2 -<butoxyethoxy)ethoxy)phenyl) 
pyrlmldino (Compound 6, Table 1) 

Sodium hydride (0 04 g. 1.7 mmoles) was added to a solution of 5-hydroxy-2-(4-(1,1-dihydroperfluoro-2-(butox- 
yethoxy)e.hoxy)phenyl)pyrimidine (0.41 g. 1.7 mmoles) (prepared essentially as in Example 1 (which references Ex- 
ample 4)) in 5 ml of DMF and 5 ml of toluene. The resulting solutico was stirred under a nrtrogen atmosphere, and 
the£ 1 -plto.uenesu.fonoxy-2-(S)-chloropropane (0.41 g. 1 .7 mmo.es) was added to the solution by syringe. The resum- 
ing mixTure was heated to 100-C for 1 hour and then cooled to room temperature. The mixture was then poured into 
Tsepalory funne. with 50 ml of water and was extracted with three 10 ml aliquots of toluene. The ^9 
layers were combined and washed with three 10 m. aliquots of water. The washed toluene layers were then concen- 
tratec !under reduced pressure. The resulting solid was recrystallized from ethano. to y.eld 0.1 go. Compound 6, Table 1. 

Exampla 7 

Preparation of 4'-<1 > 1-Dihydroperfluoro-2-(2-(2-methoxyethoxy)ethoxy)ethoxy)-4^(S)-2 -chloropropanoyloxy) 
blphenyl (Compound 7, Table 1) 

Sodium hydride (1.06 g, 60 weight percent in oi.) was added to a solution of 4,4'-bipheno. ("*J^^in 
DMF (100 ml) The resufting solution was stirred under a nitrogen atmosphere for 0.5 hour and then heated to 60 C 
1 i-dihydroperfluoro-2-(2-(2-methoxyethoxy)ethoxy)ethoxy trifluoromethanesulfonate (9.4 g. 17.7 mmoles) (prepared 
Lsentia,7a" in E*amp.e 1 (which references Example 4) except substituting methyl P erf.uoro-2^methoxyethox- 
yethoxy)acetate for methy. perf.uoro-2-(butoxye.hoxy)acetate in the preparation of the precursor alcohol according , to 
ExanS 3 of U.S. Pal No. 5.262,082 (Janu.is e. al.)) was then added by syringe to the so.ut.on. ™« /™ 
was stirred for 2 hours at 70°C and then cooled to room temperature. The mrxture was quenched with 100 ml of 4,0 
and extracted with three 100 ml aliquots of diethyl ether. The ether extracts were collected, dned I (u«k , MgSOJ 
filtered, and concentrated. The resulting product was then purified by flash chromatography to gwe 6.5 g (65% y eld) 
of 4^(1.1-dih y drccerfluoro-2-(2-(2-methoxyethoxy)ethoxy)ethoxyH-hydroxybiphenyl as a white solxd having a melting 

^"comp^was then prepared from (S)-2-chloropropanoic acid and 4^1^iiyd^uo^^Hnjlh«. 
yethoxy)ethoxy)ethoxy)-4-hydroxybiphenyl by essentially the esterification process described in Example 1. The re- 
sulting product was purified by column chromatography. 

Example 8 

Preparation of 4'-(1,1-Dlhydroper1Iuoro-2-(2-butox y ethoxy)ethoxy)-4-((S)-2^hloro-4 -methytpentanoyloxy) 
blphenyl(Compound 8, Table 1) 

This compound was prepared from (S)-2.chloro-4-methylpen«anoic acid (prepared essentially by ****** ^ r ; 
Sierraet al J Am. Chem Sec 114. 7645 (1992)) and 4'-(1.1-dihydropertluoro-2-(2-butoxyethoxy)e.hoxy)-4-hydroxy- 
biphenyl (prepared essentially as in Examples 7 and 1) essentially as described ,n Example 7. 

Example 9 

Preparation of ^l.l-D.hydroperf.uorc^-butoxyethoxyJethoxy^aS)^ -ch.oropropanoylcxyjblpheny. 
(Compound 9, Table 1) 

This compound was prepared from (S)-2-ch.oropropionic actf and 4'.(1.1-dihydroperfluoro-2.(2-butoxyethoxy) 
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ethoxyM-hydroxybiphanyl (prepared essentially as in Examples 7 and 1) essentially as described in Example 7. 
Example 10 

Preparation of 4'-(1,1-Olhydropertluoro-2-(2-butoxyethoxy)ethoxy)-4-((S)-2 -fluoropropanoyloxy)blphenyl 
(Compound 10, Table 1) 

This compound was prepared from (S)-2-fluoroprop«nic acid and 4'-(1 .l-dihydroperfluoro-2-(2-butoxyethoxy) 
ethoxyH-hydroxybiphenyl (prepared assantally as in Examples 7 and 1) essentialry as described in Example 7. 

Example 11 

Preparation of A'-tl.l-Dlhydroperfluoro-^a-butoxyethoxyJethoxy^S)^ -fluoropentanoyloxyjblphenyl 
(Compound 11, Tabfc 1) 

This compound was prepared from (S)-2-fluoropentanoic acid and 4"-(1 j-dih y dropertluoro-2-(2*utoxyethoxy) 
ethoxyH-hydroxybiphenyl (prepared essentally as \n Examples 7 and 1) essentially as desenbed in Example 7. 

Example 12 

Preparation of 4 '-(1,1-Dlhydroperfluoro-2-(2-butoxy e thoxy)ethoxy)-4-((S)-2-chloropropoxy)biphenyl 
(Compound 12, Table 1) 

This compound was prepared from (SJ-l^toluenesuttonoxy^hloropropane and 4'.(1.l-dihydroperf.uoro-2- 
( 2 -butoxyetho^ethoxy)-4 hydroxybiphenyl (prepared essentially as in Examples 7 and 1 ) essentally as desenbed « 
Example 6, except that the resulting product was purified by column chromatography. 

Example 13 

Preparation of 4'-(1,1-Dlhydroperfl U oro-2-(2-butoxyethoxy)ethoxy)-4.((S,S)-2-chloro-3 -methylpentanoyloxy) 
biphenyl (Compound 13, Tablo 1) 

This compound was prepared from (S,S)-2-chloro-3-methyl P entanoic acid and 4'-(1.1 ^ihydroperiluoro-2-(2-bu- 
toxyethoxy)e.hox y )-4-hydroxybiphenyl (prepared essentially as in Examples 7 and 1) essent,ally as desenbed in Ex- 
ample 7. 

Example 14 

Preparation of 4-(1,1-Dlhydroperfluoro-2-(2-butoxyethoxy)ethoxy)phenyl-(SH-methylhexyloxy benzoate 
(Compound 14, Table 1) 

960 mg of 4-(1 1 -dihydroperfluoro-2-(2-butoxyethoxy)ethox y )phenol (1 .83 mmoles) (prepared essentially as in Ex- 
ampte 6 of U S Pat No. 5.262,082 (Janulis at al.» was weighed into a vial and dissolved in 5 ml d.chloromethane and 
rmuip oximate.y 1.5 g) of triethylamine. One accent, 432 mg, of 4-(SM-me«h y ^xy1oxy benzol ac* wa 
weiahed into a 25 ml decked flask, dissolved under nitrogen in 10 ml dichloromethane. treated w,th 0.23 g of oxalyl 
and stirred overnight. The phenol solution was then added to the flask by syringe. The resultrng nurture was 
TrTlon S routes then washed with water which was made acidc by the dropwse addrtion o. glacal ace«,c ac.d. 
andls ^ again wi'ti saturated sodium chtoride solution. The resulting organic phase was dned over magnesium 
JuffaTand filtered through a short column of silica gel (5 g) using dichloromethane as the eluent. Solvent was then 
"mted fZ me nLedphase under vacuum using a rotary evaporate, and the resulting product was recrysta.l.zed 
from ethanol several times at -20'C to yield 1.00 g of Compound 14, Table 1. 

Example 15 

Preparation of 4-(1,1.D.hydrop 0 rf.uoro-2.(2-butoxy 0 thoxy)e t hoxy) P heny.^(4-((S) -2-me,hy.butoxy)pheny.) 
benzoate (Compound 15, Table 1) 

4-(4. ( (S)-2-methylbu,oxy) P henyl) benzo* acid (1 .00 0 was weighed into a 50 ml flask and treated with 5 ml (ap- 
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oroximatelv 8 2 g) of thionyl chloride at reflux for 15 minutes. Excess thionyl chloride was distilled, and the last traces 
o thionyl chloride were removed by heating under a nitrogen flow to yield crude acid chloride 4-<1 , 1 -Oihydroperfluo^ 
2-(2-bJoxyethoxy)ethoxy)phenol (1.94 g. 1.05 eq) (prepared essentalry as in Example a d Ul ht No. 5,262,082 
rJanuls eVal )) was weighed into a vial, diluted with 25 ml dichloromethane, and treated with 10 ml (approximately 7.2 
5 afof triethylamine. The resulting solution was added to the crude acid chloride, and the resulting mrxture was allowed 
Ss™oM5minutes.Them 

of olacal acetic acid and once with 50 ml of saturated sodium chloride solution. The resulting organ* phase was dned 
cte magnesium sulfate and filtered through a short column of silica gel (10 g) using dchloromethane as the eluent 
Sen^removed from the filtered phase, and the resulting product was column chro^tographed on sihca gel 
,o fusing Luene as the eluent) and rec.7stal.i2ed from ethanol .0 yield 0.445 g of Compound 1S . Tab.e 1. 

Example 16 

Preparation of ^(l.l-Dlhydropertluoro-^-butoxyethoxyJethoxylphenyl-HtS^-chloropropoxy) benzoate 

is (Compound 16, Table 1) 

Methyl 4-((S)-2-chloropropoxvte9nzoat9 

(S)-2-Chloro-1 -propanol (Aldrich Chemical Co.. 1 .00 g. 1 0.6 mmoles). methyl 4-hydroxy benzoate (1 .81 g. 1 . 1 eq) 
triphen y r P hosphine (4 13 g. .5 eq). and 25 ml dry tetrahydrofuran were charged to a 50 ml 3-necked flask under 
r TJZ 2v azodfcarboxylate (2 9 g. 1.6 eq) was then added to the flask by syringe. The resultmg solution was 
s Sor 3 ^ 5 a^ poured Into a' mbcture of 250 m. water and 25 ml amy, acetate. The resulting mixture was 
ZTJ, The Sing aqueous and organic phases were separated, and the aqueous phase was ext ^ ™ more 
wTh , 25 ml ethyl acetate The resulting organic phases were combined, dried over magnesium s ulf a e. . ^d fl teredjhe 
sTvent was then removed from the filtered phases, and the resulting crude product was diss olv * " 
and oassed through silica gel. Upon removal of solvent under vacuum, react,on byproducts began to crystallae. Gas 
e£S^(«?^ ^ «« «h9 -P—tant to be mostly the desired product, so the ™ 
rSS^from cydohexane to recover traces of product. The resulting supematants were combmed and passed 
SJ S5 gel using cydohexane as the eiuent. and the sorvent was removed under vacuum to recover partraKy 
X purified product which was hydrolyzed without further punfication. 

4-((S1-2-Chloroproooxv) benzoic acid 

The resulting crude methyl ^((S^-chloropropoxy) benzoate was dissolved in 25 ml of dimethylsulfoxide and 
treated wrth oVg (approximately 1 .04 eq) of sodium hydroxide in 25 ml water. The resulting react™ was monrtored 
by GC at" e hour, an additional portion o, 0.44 g so.tf sodium hydroxide was added to the resulting mixture. An 
luot' cTSe mixture taken 45 minutes later showed the absence of starting materal. so the mixture was poured into 
S mm N hySirc acid. Organics were extracted from the resulting mixture with two 50 ml pardon, o ethyl 
acetate and were dried over magnesium sulfate, filtered, and the solvent removed under vacuum to y.elc la xrude solid 
pSTc^hat wa^ recital zed from 20 ml ethanol a. -20'C. The product actf was collected and dned under 
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vacuum. 


a.M 1 .Dihvdrooer<i..nrn.9.f2-butox v 9 thoxv1ethoxv)phpnvl-4-(fS)-2-chloro P roooxy) benzoate . 

The dried oroduct acid was charged to a 100 ml flask, dissolved in 25 ml dichloromethane, and treated with 3.7 
ml (sTg oxaM chtnd under ntoogii. After stirring for 10 minutes, the dichtoromethane was distilled 
oreSure and excess oxalyl chloride was removed under vacuum. The resulting ac« chloride was d.ssotved ,n 25 ml 

^mrueTaf washed w £ 100 ml water and with 100 ml saturated sodium chloride solution. After dry.ng ofthe 

55 yield 0.262 g of purified Compound 16, Table 1 . 
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Example 1 7 

Preparation of 4-<(S,S)-2>Epoxy)^exyloxyphen^^ 
benzoate (Compound 17, Table 1) 

4 {{S S) -2 3-epoxy)-hexytoxy phenol (Dispiaytech WP46, 1.00 g, 4.82 mmoles) was weighed into a 100 ml flask 
echoed with a magnetic stirrer, a septum, and a nitrogen atmosphere. The phenol was dissolved in 25 ml dichlo- 
mmethane One equivalent of 4.(1,1-dihydroperfluoro-2-(2-butoxyethoxy)ethoxy) benzoyl chloride (2.76 g) (prepared 
essentially as in Example 11 of U.S. Pat. No. 5,262,082 (Janulis et al.) (except substituting 4-<1 , 1 <iihydroperfluoro-2- 
f2-butoxvethoxy)ethoxy) trifluoromethanesulfonate for 1 . 1 -dihydroheptafluoro-2-ethoxyethyl trrflate) with conversion of 
the resulting add to the corresponding acid chloride essentially by the method of Example 16 supra) was we.ghed into 
a vial and dissolved in 5 ml dichloromethane. 2.0 ml of triethylamine (excess, approximately 3 eq) was added to the 
solution of the epoxy phenol, followed immediately by addition of the acid chloride solution (both addrtions being by 
syringe) After 20 minutes, the resulting mixture was washed with four 100 ml portions of water and one 100 ml portion 
of saturated sodium chloride solution, and the washed mixture was dried over sodium sulfate overnight The dr.ed 
mixture was filtered, the sorvent was rented under vacuum, and the resulting crude product was punfied by chroma- 
tography on neutral silica using toluene as the eluent. Combined fractions that showed product b^y th.n layer chroma- 
tography were recrystallized from toluene and dried under vacuum to yield 0.405 g of Compound 17, Table 1. 
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TABLE 1 


Coapound No. 


Structure 
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C 4 F/)C^ 4 OCT i CH^-^^)-H(^)--- 0 ^f 


<^F^C J F,OCF 1 CH 2 0— ^ (^^~°^t 


CP 
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C 4 F 9 OC 2 F 4 OCF I CH 2 0— (^^^^^^^ 
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C4F,OC 2 F 4 OCF 2 CH20 — (Cj) (C )) ° '- 
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The compounds of Table 1 were evaluated for transition temperatures by optical observation of material phase 
changes using a Linkam TMH600 hot stage and a Zeiss polarizing microscope. The transition temperatures (°C) were 
obtained upon cooling from the isotropic state (I) and are set forth in Table 2. 

Table 2. 


Mesophase Characterization for Compounds Listed in Table 1 

Compound No. 

I to S A 

to M 

toK 

mp 

1 

53 

25 



2 

121 

53 



3 

124 

48 



4 

55 

23 



5 




64-66 

6 

111 

20 

15 


7 

136.7 

67.3 



3 

65 


29 


9 

129 

91 



10 

158 

120 



11 

115 

59 



12 

100 

75 



13 

76.9 

5.3 
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Table 2. (continued) 


Mesophase Characterization for Compounds List 

3d in Table 1 


Compound No. 

Ito S A 

to M 

to K 

mp 

14 
15 
16 
17 

73.3 
>191 
110 
113.7 

■ 

-8,8 
86.3 
51.6 
45.9 



I - Isotropic S A - Smectic A, M = Higher order mesophase, K = Crystalline, mp nieuu »y puu n 


Examples 18 and 19 describe liquid crystal compound mixtures and liquid crystal display devices of this 
Invention. 


T5 Example 18 

A device utilizing a chiral compound (Compound 10) of this invention was constructed as foltows. Onto an indium 
tin oxide MTO) coated (300 A ITO coating) glass substrate (2.85 cm wide, 3.5 cm tong. 0.! cm thick) which had been 
«:lScla?ned were pfcced severe', drops of a 0.52 weight percent solution *^W«**C em ; ca. Co 
Inc ) in formk: acid The substrate was spun at 1200 rpm lor 40 seconds and cured at 75 C for 16 hours to provide a 
2,eS Lout 400 A thick. The coated plate was rubbed (20 strokes) in one direction w,h a 115 grarr .rubbing 
SrTa g^ss rod 2.5 cm in diameter, 10 cm tong) about which a 65% cotton. 35% rayon velveteen fabrc ^(J. E Mart n 
7o #5100 Matinee) with the pile side out was tightly wrapped, to provide an onented alignment layer on tte substrate. 

^^TO«-.«T(300 A ITO coating) gfcss substrate (2.85 cm wide. 3.5 cm long, 0.1 cm feck) having a 
pattern of SlyTmide spacer posts 1 .5 urn in height and which had been ultrasonically cleaned was placed several drops 
oTaTs wS^ercent solLn of pTymethyfeiloxane (5.5% GR-651L, available from Owens-i.hnois. inc. ,„ buty 
aJcoho? Z substrate was spun at 8000 rpm for 20 seconds and cured at 75-C for 16 hours to provde an alignment 

^tZ^^l^ using a UV curabie adhesrve (Norland™ 61 Optical Adhesive, avaifcble from 
Norland Products. Inc.) with the ITO-constituted electrodes and the alignment layers facing inward to form a dev.ee 
T*e device was then filled with the following mbcture of liquid crystal compounds using cap.ilary act,on under vacuum. 
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4.1 wt % 


'Q) /QV-OCHaCFaOCaP^C^ 


w 


4.1 wt % 


CH 2 CFaOCaF 4 OC tf F 13 


15 
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4.1 wt % 


CioH 
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CHaCF 2 OCaF 4 OC4F9 


25 


4.1 wt % 


n (Q) (^^-^C H 2 CF 20CaF40CrF40CF 3 
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C4F 9 OC 2 F 4 OCF 2 CHaO 


10.0 wt% 



The phase transition temperatures for the mixture were measured essentially as described above for Table 2 and 
found to be: 


Ito S A 

79. 4° C 

S A to S c 

43.5° C 

S c to M 

-10.2*0 


The phasa transition temperatures for the achiral base mixture (Le.. the above mixture without the last-listed (chiral) 
compound) were measured essentially as described above tor Table 2 and found to be: 


ito S A 

85.5'C 

S A to S c 

51.0°C 

S c toM 

-6.4°C 


The ITO-constituted electrodes of the devee were connected to an arbitrary waveform generator wrth vanable 
output voltage. Optical transmission was measured by placing the device on a rotating stage between two .crossed 
polarizers, with the polarizer/device combination placed between a collimated. incandescent light source oU about A 
mW intensity (5 mm diameter) and a silicon photodetector. The incandescent light source was fiftered to confine te 
wavelength spectrum to between 450 and 700 nm. The output from the photodetector was ^ ? an * 
scope. Th. latching time for the device, measured with a field of 20 V/^m and at a temperature of 
Ts The device was driven with a voltage waveform consisting of bipo.ar. square pulses of 20 V/um amplitude, spaced 


22 
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30 ms apart by a train of square pulses having the same width and 6.7 V/ujti amplitude. The latching time was taken 
to be the minimum pulse width needed to observe two stable and saturated, multiplexed memory states. 

The polarization of the device was determined essentially as described by Miyasato et al. in Jap. J. Appl, Phys. 
22, 661 (1983) and found to be 12.5 nC/cm 2 at 38.5'C. 

The memory to tilt angle ratio tor the device was 0.97. The device was driven wrth a 30 Hertz square wave 

of 20 volt amplitude. The tilt angle, 0 t , was taken to be half the angle separating the extinction points of the driven 
states. To obtain the memory angle, 0 m , the device was driven with a voltage waveform consisting of alternating bipolar, 
square pulses of 20 V/pim amplitude, spaced about 30 ms apart. The pulse width was adjusted to observe two stable 
and saturated memory states. The memory angle was taken to be half the angle separating the extinction points of 
the two memory states. 

Example 19 

A device was prepared essentially as in Example 13. The device was filled with a liquid crystal mixture which was 
as described in Example 13, except that Compound 5 was used as the chiral dopant in place of Compound 10. 

The phase transition temperatures for the mixture were measured essentially as described above for Table 2 and 
found to be: 


I to S A 

76.3°C 

S A to S c 

3S.6°C 

S c to M 

-3.3°C 


The latching time for the device, measured essentially as in Example 1 3 with a field of 20 V/um and at a temperature 
of 25.6 tt C, was 130 fas. The polarization of the device was determined essentially as in Example 18 and found to be 
11 .6 nC/cm 2 at 25.6*C. The memory to tilt angle ratio (0^0^ was determined essentially as in Example 18 and found 
to be 0.98. 

Comparative Example 

A device was prepared essentially as in Example 13. The device was filled with a liquid crystal mixture which was 
as described in Example 18 except that a mixture of 2 parts by weight of comparative compound C1 and 1 part by 
weight of comparative compound C2 (the compounds having the structures shown below) was substituted for Com- 
pound 1 0. 


o 



The phase transition temperatures for the mixture were measured essentially as described above for Table 2 and 
found to be: 


1 to S A 

85.5*C 

S A to S c 

30.6°C 
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(continued) 


S c to M 


-6.4°C 


The latching time for the device, measured essentially as in Example 1 3 with a Held of 20 V*i and at a temperature 
of 20 6°C was 24 7 us The polarization of the device was determined essentially as in Example 18 and found to be 

17 1 nC/cm2at20 6'C The memory to tilt angle ratio (0J0 X ) for the device was determined essentially as in Example 

1 8 and found to be 0 84 A comparison of this data with that given above for Examples 1 8 and 1 9 shows that compounds 
of this invention when used in admixture with achiral, ftuoroether^ontaining liquid crystal compounds, provide mixtures 
which exhibit higher memory to tilt angle ratios than mixtures of the same achiral compounds with chiral. hydrocarbon 
liquid crystal compounds. In addition, this comparison indicates that compounds of the invention show only a minimal 
effect on the smectic C temperature range of such mixtures. 

Example* 20-24 describe procedure* for preparing liquid crystal compounds of this Invention. The chemical 
structure of each compound \s given in Table 4. 

Example 20 

Preparation of s-((S)-2fluorodecylo^ 
pyrimldlne (Compound 18, Table 4) 

2-(S)-fluorodecanol (800 mg. 4.5 mmoles; which can be prepared by the procedure described by H. Nohira et al. 
in Mol Cryst Liq Cryst 1808, 379^88 (1990)) was combined with toluene sullonyl chlonde (865 mg, 4.5 mmoles), 
ethyl diisopropyl amine (iTismg, 9 mmoles), and dimethylaminopyridine (27 mg, 0.22 mmoles) in methylene chloride 
(20 mL) The resulting mixture was stirred at room temperature overnight. The resuming crude tosylate product was 
purified by flash chromatography on silica gel, eluting with 10 parts by volume of hexane and 1 part by volume of ethyl 
acetate 

A three-necked flask equipped with a magnetic stir bar, a condenser, and a nitrogen inlet was charged with potas- 
sium carbonate (35 mg, 0.6 mmoles) and acetonitrile (20mL). With stirring, 5-hydroxy-2-(4-(1.1-dihydroperfluoro-2- 
(butoxyethoxy)ethoxy)phenyr)pyrimidine (364 mg, 0.6 mmole; prepared essentially as in Example 1 above) was slow* 
addedto the resulting mixture. The mixture was stirred at room temperature for 30 minutes. l-p-toluenesulfonoxy-2- 
fSMIuorcdecane (200 mg. 0.6 mmoles) was then added to the stirred mixture. The mixture was heated to reflux over- 
night and then poured into a separatory funnel containing water (-20 mL). The resulting layers were separated, and 
the aqueous phase was extracted with diethyl ether and purified by chromatography (essentially as ,n Example 1 
above) eluting with 10 parts by volume of hexane and 1 part by volume of ethyl acetate. The yield of desired product 
was 0.35 g. The structure of the product was confirmed by and «F nuclear magnetic resonance spectroscopy. 

Example 21 

Preparation ot 5-{1,1-0lhydro P ertluoro-(2-(2-butoxyethoxy)ethaxy))-2-{4-(dihydro-5.(R) -oxymethyl-3-<R>- 
hexyl-2(3H)-furanone)phenyl)pyrimldino (Compound 19, Table 4) 

5-Benzyloxy-2-(4-hydroxyphenyl)pyrimidine (7.5 g, 26.95 mmoles) was combined with (R)-epichlorohydrin (9 97 
q 107 8 mmoles) and potassium rtutoxide (29.S mL of a 1M solution in t-butanol). me resulting mixture was heated 
to 60'C for three hours under nitrogen. The mixture was then poured into saturated brine and was extracted with two 
200 mL aliquots of chloroform. The combined chloroform extracts were washed with water and then dned over sod.um 
sulfate The solvent was removed from the extracts under reduced pressure, and the resulting crude product was 
recrystallized from acetonitrile to yield the epoxide. 5-ben2ylox y -2-(4-(2-(R)-9poxy)propoxy)phenyl) P yr,m.d.ne. Th,s 
epoxide (5.9 g. 18.42 mmoles) was combined with hexylmalonate (6.36 g, 27.3 mmoles) and potassium *utoxde 
(£l mL of 8 1 M solution in t-butanol) in t-butanol (20 mL). The resulting mixture was heated to reflux for two hours 
S was then coo.ed and acidified to a pH of 1 with dilute HCI. The mixture was filtered. 

with methanol, and air-dried to yield the crude dihydrofuranone as a mbcture of as and trans isomers A porter iof this 
mbcture (2 7 g was resolved by preparative high pressure liquid chromatography, elu.mg w,«h *°™* M ° f ^°W 
aTetate (45:50: 5). to yieW a uJcL that was 93:7 cis/trans (0.67 g). This fraction (predominately as) was hydrogenated 
essentially as in Example 1 for three hours to remove the benzyl protecting group. 
ChySoge^ 

dine (0 44 q 11 9 mmoles) was combined with potassium carbonate (0.20 g, 1 .43 mmoles) and 1 , ^ dt °J»™™° 
2"bu«o^ <°- 74 9- 131 mm0,6S: P fepared 33 EXamP ' 
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in acetonitrila (10 mL), and the resulting mixture was refluxed for 1.5 hours. Alter cooling, water (10 mL) was added 
to the mixture and the mixture was then filtered. The filtrate was washed with water and then with methanol, and the 
washed filtrate was air-dried. The resulting crude product was then further purified by column chromatography on silica 
qel eluting with chloroform, to yield 5-{1,1-dihydroperfluoro(2-(2-butoxyethoxy) ethoxy))-2-(4-(dihydro-5-(R)-oxyme- 
ttiyl-3-(R)-hexyl-2(3H)-furanone) phenyl)pyrimidine. The yield of the desired product was 0.57 g. The structure of the 
product was confirmed by 1 H and 19 F nuclear magnetic resonance spectroscopy. 

Example 22 

Preparation of 5-{1,1-Dihydroperfluoro-(fr{2-butoxyethoxy)haxyloxy))-2-(4^dihydro-5-(R) -oxymethyl-3-(R)- 
h«xyl-2(3H)-furanone)phenyl)pyrlmldlne (Compound 20, Table 4) 

Using essentially the procedure of Example 21, 5-hydroxy-2-(4-(dihydro-S-(R)oxymethyl-3-(R)-hexyl-2(3H)- 
furanone)ph9nyl)pyrimidine (0.70 g. 1 .89 mmoles) was combined with potassium carbonate (0.31 g, 2.27 mmoles) and 
1 i-dihydroperfiuoro^-(butoxyethoxy) hexyl nonafluorobutanesulfonate (1.73 g, 1.39 mmoles) in acetonitrile (20 mL). 
rfhe 1 1-dihydroperfluoro-6-(butoxyethoxy)hexyl nonafluorobutanesulfonate had been prepared from nonafluorobu- 
tanesuttonyl fluoride (which can be prepared by the methods described by P. M. Savu in KirkOthmer Encyclopedia of 
Chemical Technology. Fourth Edition. Volume 11, pages 558-64, John Wiley & Sons. New York (1994)) and 1,1<J,hy- 
droperfluoro-2-(butoxyethoxy)hexanol (prepared by sodium borohydride reduction of the corresponding methyl ester, 
essentially as described in Example 3 of U.S. Pat No. 5.262,082 (Janulis et al.)) by essentially the method described 
in Example 4 above.] The resulting crude product was isolated and purified essentially as in Example 21 to yield 1.10 
g of a 90: 1 0 mixture of cis/trans dihydrofuranone isomers (as determined by i H nuclear magnetic resonance spectros- 
copy). 

Example 23 

Preparation of 5-<1,1-Dihydroperfluoro-(4K4-butoxyb U toxy)butoxy))-2-(4Kdlhydro-5-(R) -oxynr«rthyl-3-<R)- 
hexyl-2(3H)-furanone)phenyl)pyrimidine (Compound 21, Table 4) 

Using essentially the procedure of Example 21. 5-hydroxy-2-(4-(dihydro-5-(R)-oxymethyl -furanone)phenyl)pyri- 
midine (0 70 g 1 89 mmoles) was combined with potassium carbonate (0.31 g. 2.27 moles) and 1 ,1-d.hydroperfluoro- 
4-(butoxybutoxy)bury| trifluoromethanesuffonate (1.73 g. 1.89 mmoles; prepared from i,l-dihydroperfluoro^-(4-b U - 
toxybutoxy)butanol essentally as in Example 4 above) in acetonitrile (20 mL). The resulting crude product was isolated 
and purified essentially as in Example 21 to yield 1.05 g of a 90:10 mixture of cisArans dihydrofuranone isomers (as 
determined by 'H nuclear magnetic resonance spectroscopy). 

Example 24 

Preparation of 4-(1.1-Dlhydroperfluoro-2-(2-(2-methoxyethoxy)ethoxy)ethoxyH'-(dlhydro-5-(R) -oxymethyl-2 
(3H)furanone)blph«nol (Compound 22, Table 4) 

4-(1 i^ihydroperfluoro-2-(2-(2-methoxyethoxy) ethoxyJelhoxyH'-biphenol (2 g. 35 moles; prepared essentially 
as in Example 7 above) and (S)-( + Hihydro-5-(p-tolylsulfonyloxymethyl)-2(3H)-furanone (available from Aldr.cn Chem- 
ical Co 1 0 q 37 mmoles) were dissolved in dry acetonitrile (20 mL). Potassium carbonate (0.51 g. 37 mmoles) was 
added and slurried into the result^ mixture. This mixture was heated for 5 hours at 70-35'C and was than cooled to 
room temperature. Water (60 mL) was added to the cooled mixture. The resulting solid product was collected by firtrat.on 
and recrystallized from methanol to give 0.53 g of a white solid. The structure of the product was confirmed by H 
and 13 F nuclear magnetic resonance spectroscopy. 

The compounds of Examples 20-24 were evaluated for transition temperatures by differential scanning calonmetry 
(DSC) and/or by optical observation of material phase changes using a Linkam TMH600 hot stage and a polar^g 
Lroscope The transition temperatures fC) were obtained upon cooling from the .so.ropc state (I) to the smectic A 
mesophase (S A ) and to higher order mesophases (Ml and M2) and are set forth m Table 3. 
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Table 3. 


Mesophasa Characterization for Compounds List* 

ad in Table 4 

Compound No. 

18 

I to S A 

85 

S A to M1 

65 

M1 to M2 

47 

Melting Point 

19 




130-131 

20 

177 

138 



21 

157 

141 



22 




126 


26 
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Table 4 

Compound 
Number 

Structure 

1 Q 

lo 

CtHn 

19 

/° 

20 

,° 

21 

^ O — 

c^c^ 4 oc 3 f s ch^hOhQ)^^0"' ,, < : *Hu 

22 

0 

CFjOCiF^OCj^OCFjCH^)— ^ 


Claims 
1. 


Fluorine^ontaining. chiral. optical.y active liquid crystal compounds hav.g r^T^T^^^ 
mesophases. the compounds comprising (a) an aliphatic fluorccarbon ^^.^^ 0^3 
catenary ether oxygen atoms; (b) a chiral. aliphatic hydrocarbon terminal portion, and (c) a central core ^£'"9 
2 dTmS poTons, wherein said aliphatic fluorocarbon terminal portion ,s ^"J^^ ° 
<C F_01 O.F*, , where x is independently an integer of 1 to 10 tor each C^O group, y is an integer or 
o" z to an integer' of 2 to 10. and 0 is selected from the group consisting of a covalent bond. 
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? 


: r H 2f -. — ofcsHtfoVci'iv--- 


— SO:^-. -CrH.r-N-SO,"' -C-C- . -CH=CH- 


? 


t — S — . — N(C p H2 P+l )- 


and combinations thereof, where r and r' are independently integers of 1 to 20, s is independently an integer of 1 
to 10 for each (C.H^O), t is an integer of 1 to 6, and p is an integer of 0 to 4. 

The compounds of Claim 1 wherein said x is independently an integer of 1 to 6 for each C^O group, said y is 
an integer of 1 to 6, and said z is an integer of 2 to 6. 

The fluorine<:ontaining, chiral liquid crystal compounds of Claim 1 wherein said compounds are represented by 
the general formula (I): 


Xi Ym Zn 

where M, N, and P are each independently selected from the group consisting of 
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,0.0. 



cr^o 



a. b, and c are each independently zero or an integer o( from 1 to 3. with the proviso mat the sum of a + b + c be 
fac^Aand B are non-directional^ and independently selected from the group consisting of a covalent bond. 

0 o o 

1 I I 

-C-0-, -c-s-, -c-se-, 


-C-Te-, -(CHzCH:)*- where 3c is 1 to 4, 


8 • n 

-OW31-, ~C=C~/ -CK-N-, -CH,-0- f -C-, ana -0- ; 

each X, Y, and Z are independently selected from the group consisting of -CI. -F, -Br. -I, OH. -OCH 3 . OH 3 . -CF 3 . 
-OCF 3 , -CN. and -N0 2 ; 

each l.m, and n are independently zero or an integer of 1 to 4; 
D is selected from the group consisting of a covalent bond, 
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! ! ' 

-C-O-CcH,,-, -O-CcH,,-, -0-C-C e H,c-, -<M-, -C-, 

-OSO,-, -SO,-, -SOa-CHac-, -C c H 2e -N-S0 2 -, -N ( CpH Jp+ , ) - , 


0 
I 

-CeHj t -N-C-, -CH=N-, 
I 

CpH2 P »i 

and combinations thereof, where r and r* are independently integers of 1 to 20, s is independently an integer of 1 
to 1 0 for each (C^O), t is an integer of 1 to 6, and p is an integer of 0 to 4; 
R is selected from the group consisting of 

-O- ( (Cq'Ha,-,— (R' ) »• ) "°> w-C q H 2q *i-»- (R* ) */ 
- { (C-Hj,-,- (R' ) ,-)-0)w-C,H 2 ,m-»- (R' ) »# 

-C-O-^wlR'lv, -0-C-C q H aq .i-»-(R , >., and 


where each R* is independently selected from the group consisting of -CI. -F, -CF 3 . -N0 2 , -CN. -H. -C q H^ v 


0 0 
-C-C-CqHzq*! , and -C-O-C^fWi 


where q' is independently an integer of 1 to 20 for each (C q .H 2q .O). q is an integer of 1 to 20, w is an integer of 0 
to 1 0 v is an integer of 0 to 6. each V is independently an integer of 0 to 6. g is an integer of 1 to 3, g' « an integer 
of 1 to 3. each □ is independently selected from the group set forth above, and R is linear or branched, with the 

proviso that R is chiral; and . 

R, is -{C^CO^F^ , where x is independently an integer of 1 to 1 0 for each C^O. y is an integer of 1 to 1 0, 

and z is an integer of 2 to 10. 

The compounds of Claim 3 wherein said R, is linear, said x is independently an integer of 1 to 6 for each cy^O 
group, said y is an integer of 1 to 6. and said z in an integer of 2 to 6. 

A mixture of liquid crystal compounds comprising at least one fluorine^ontaining liquid ays Jl cc^pounc I of C.aim 
1 in admbcture with other chiral or achiral liquid crystal compounds, with the proviso that the admixture is not a 

racamate. 
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The mixture of Claim 5 further comprising at least one other liquid crystal compound having a fluorinated terminal 
portion. 

A liauid crystal display device containing at least one fluorine<ontaining liquid crystal compound of Claim 1 alone 
or in admixture with other chiral or achiral liquid crystal compounds, with the proviso that the admocture is not a 
racemate. 

The device of Claim 7 further containing at least one other liquid crystal compound having a fluorinated terminal 
portion. 

A process for preparing the fluorine-containing, chiral liquid crystal compounds of Claim 3 comprising the steps of 
(a) mixing at least one compound represented by the formula 

R- (MJ«-A-(N) fc -B' 
I I 

with at least one compound represented by the formula 

B"-(P)c-D-Rt 
I 


or mixing at least one compound represented by the formula 

R-(K).-A' 

I 

with at least one compound represented by the formula 

A"-(N) b -B-(P)c-D-Rf / 
I I 

where M, N. and P are each independently selected trom the group consisting of 
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w 


1S 






20 


25 



.o.O. 


30 


35 



40 


a, b. and c are each independently zero or an integer of from 1 to 3, with the proviso that the sum of a + b + c be 

at least 1 ; . . 

each A and B are non-directionally and independently selected from the group consisting of a covalent bond, 


45 


0 0 0 

1 I 1 

-C-0-, -C-S-, -C-Se-, 


50 


SS 


-C-Te-, -(OfeCHzK- where k is 1 to 4, 

0 
I 

-CH=CH-, -C3C-, -CH-N-, -Ofc-0-, -C-, and -O- ; 

each A' A" 8- and 3" are indpendentty selected from the group consisting of OH. -COOH. -CH(CH.pH) z . -SH. 
-SeH -TeH -NH 2 , -COCI, -CHO, -OS0 2 R f . -OSOjCH* -OSO r cyclo (C S H 4 )-CH 3 , and -CH 2 COOH, where R, is 
a pertluoroalkyl group having from 1 to 10 carbon atoms, and with the proviso that A' can enter into a coupling 
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reaction with A" and that B* can enter into a coupling reaction with B*; 

each X. Y, and Z are independently selected from the group consisting of -CI, -F, -Br, -i, -OH, -OCH 3> -CH 3 , -CF 3 , 
-OCF 3i -CN, and -N0 2 ; 

each I, m, and n are independently zero or an integer of 1 to 4; 
D is selected from the group consisting of a covalent bond, 


n 0 

■ i i 

-C-0-C c H, E -, -O-CA,-, -0-C-CcH 2e -, -C-C-, jCS**'' ^ 
-C-ICJIaOl.-CH:,-, "CAr, - (C.H2.O) ."CH*--, -0-, "S-. 
-OSO*-, -S02-/ -S0i-CcH 2r -, -CcH 2£ -N-S0 2 -, -N (CpHzp+i) -, 


I 


0 

8 

-CrHzr-M-C-, -CH=N- ( 

! 

CpHjp*i 

and combinations thereof, where r and r 1 are independently integers or 1 to 20, s is independently an integer 
to 10 for each (C^H^O), t is an integer of 1 to 6, and p is an integer of 0 to 4; 
R is selected from the group consisting of 

-O- { (Cq-Hft,-,- <R' ) V ) -O) w-C,H 2q .l-.- (R* ) -f 

- ( (C,.H*,.-,- (R' ) »•) -O) w-C^Hz,*!-.- (R* ) 
O o 

-C-0-C,H 2q >i-,-(R')., -0-C-C q H2c..,-(R , )„ and 


—CZ /CR'- 


:CR'-Cqmq+l-v— (ROv , 


where each R" is independently selected from the group consisting of -CI, -F, -CF 3 , -NO z , -CN, -H, -C,,H 2q>1 , 


0 o 

1 u 

-O-C-CqHzqM/ and -C-0-C,,H2 q »i , 


where q' is independently an integer of 1 to 20 for each (C^-O). q is an integer of 1 to 20. w ,s an .nteger of 0 
to 1 0 v is an integer of 0 to 6. each V is independently an integer of 0 to 6, g is an integer of 1 to 3. g is an .nteger 
of 1 to 3. each 0 is hdependently selected from the group set forth above, and R is linear or branched. w.th the 

proviso that R is chiral; and . , n 

R f to WaPkC/^,, where x is independentry an integer of 1 to 10 for each C^O, y « an integer of 1 to 10, 
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10 


15 


25 


30 


35 


40 


50 


56 


and z is an integer of 2 to 1 0, 

and (b) allowing said A* and A" or B* and B" to react. 


Patentanspruche 


Fluorhaltige chirale optisch aktive RGssigkristallverbindungen mit smektischen oder latenten smektischen Me- 
soohasen wobei die Verbindungen umfassen (a) eine aliphatische Fluorkohlenstoflendgruppe mrt wenigstens 2 
Kettenethersauerstoffatomen; (b) eine chirale, aliphatische Kohlenwasserstoffendgruppe; und (c) e.nen zentralen 
Kern der die Endgruppen verbindet, wobei die aliphatische Fluorkohlenstoffendgruppe durch d»e Formel -0 
(C f O) C F„ , wiedergegebenwirdJnderxunabhangigvoneinanderfurjede^F^O-GruppeeineganzeZahl 
von Tbis 10 i 3 r y eine ganze Zahl von 1 bis 10 ist, z eine ganze Zahl von 2 bis 10 ist und D gewahtt wird aus einer 
kovalenten Bindung, 

-CM* (-CJ^O^H,-- -0SO,-- — SO,— 

— O— . — S— . — NCCpH*,,)— 

und Kombinationen davon, in danen r und f unabhangig vonainander ganza Zahlen von 1 bis 20 sind a unabhangig 
SiSSSE jades (CJ^OJ eina ganza Zahl von 1 b* 1 0 is,. , eina ganze Zah. von 1 bis 6 ,st und p e*e ganza 
Zahl von 0 bis 4 ist. 

2. Verbindungen nach Anspruch 1. in danen x unabhangig vonainander fflr jeda C^O-Gruppe eina ganze Zahl 
von 1 bis 6 ist, y eine ganze Zahl von 1 bis 6 ist und z eine ganze Zahl von 2 bis 6 ist. 

3. Fluorhaltige. chirale Flussigkristallverbindungen nach Anspruch 1 , wobei die Verbindungen durch die allgemeine 

Formel (I) wiedergegeben werden: 


45 in der M. N und P jeweils unabhangig vonainander gewahlt werden aus 
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10 


15 


20 


25 


30 



act "bib nX 



und 


a. b und c jeweils unabhangig voneinander 0 oder aina ganze Zahl von 1 bis 3 sind, mil der Maflgabe. da3 die 
Summe a + b + c wenigstens 1 ist; 

A und 8 jeweils nicht^iraktional sind und unabhangig voneinander gewahlt warden unter e.ner kovalenten Bin- 
dung, 


oooo 

il II II II 

-C-O- , -C-S- , -C-Se- , -C-Tc- , 


-(CHaCHj),,-, wcbei k 1 bis 4 ist, -CH=CH-, -C=»C-. -CH=N-, -CH 2 -0. 


o 

II 

-c- 


X? v'Sd Z jeweils unabhangig voneinander gewahlt werden aus -CI. -F, -Br. -I. -OH, -OCH 3 , -CH 3 , -CF» -OCF 3 , 
-CN und -NO z ; 

I, m und n jeweils unabhangig voneinander 0 odi 
D gewahlt wird unter einer kovalenten Bindung, 


3S 


40 


4S 


-CN und -NO z ; . 
I, m und n jeweils unabhangig voneinander 0 oder eine ganze Zahl von 1 bis 4 sind, 


0 
i 


-a- <oh,o, ,-c..* ,-, -c.*~ _^ cc^, -, 

-OSOl-/ "SO:-, -S02-C e H2£ / ^-c«2c 


I 

CpHzp-t 


£0 


55 


0 

-OHjc-N-C-, -CH-N- 
I 

CpH2p*t 

und Kombinationen davon. wobei r und , unabhangig voneinander ganze f ^'^S 
voneinander fur jedas (C^O) eine ganza Zahl von 1 b* 10 .st, t a.na ganza Zahl von 1 b» 6 ,st p a,ne g 
Zahl von 0 bi3 4 ist; 
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R gewahlt wird aus -O-((C qi H 2q . v R) v .)-0) w -C q H 2q+1 ^-(n')v. 


o 

II 


10 


is 


20 


33 


40 


45 


-((C q H 2q .. v -(R , ) v .)-o) w -<: q H 2<tf lv-CRV -C-O-Cqftj^L^R'), , 

/ (D) S\ 

wobei jedos R' unabhangig voneinander gewahlt wird unter -CI, -F, CF 3 , -NO a , -CN. -H. -C q H 2qt1 . 

o o 

"<>-«q H 2q + l -C-^qHlq+l • 


wobei q' unabhangig voneinander fur jedes (C q .H 2q .-0) eine ganze Zahl von 1 bis 20 ist, q eine ganze Zahl von 1 
bis 20 ist w eine ganze Zahl von 0 bis 10 ist. v eine ganze Zahl von 0 bis 6 ist. jedes V unabhangig voneinander 
eine ganze Zahl von 0 bis 6 ist, g eine ganze Zahl von 1 bis 3 ist. g' eine ganze Zahl von 1 ba 3 ist. jedes D 
unabhangig voneinander gewahlt wird aus der vorstehend angegebenen Gruppe und Ft linear Oder verzweigt .st, 

25 mit der MaSgabe, daB R chiral ist und 

R f ein -(CxFjxOkCyFjy^-Rest ist, wobei x unabhangig voneinander fur jedes C^O eine ganze Zahl von 1 bis 
10 ist, y eine ganze Zahl von 1 bis 10 ist und z eine ganze Zahl von 2 bis 10 ist. 

4 Verbindungen nach Anpruch 3, wobei fl, linear ist, x unabhangig voneinander fur jede cy^O-Gruppe eine ganze 
30 Zahl von 1 bis 6 Ist, y eine ganze Zahl von 1 bis 6 ist und z eine ganze Zahl von 2 bis 6 ist. 

5 Gemisch aus Flussigkristallverbindungen, umfassend wenigstens eine fluorhaltige Fiussigkristallverbindung nach 
Anspruch 1 im Gemisch mit weiteren chiralen oder achiralen Flussigkristallverbindungen m.t der MaQgabe. daB 
das Gemisch kein Racemat ist. 

6. Gemisch nach Anspruch 5. femer umfassend wenigstens eine weitere Fiussigkristallverbindung mit einer fluorier- 
ten Endgruppe. 

7 Flussigkristallanzeigevonichtung. enthaltend wenigstens eine fluorhaltige Fiussigkristallverbindung nach An- 
spruch 1 allein oder im Gemisch mit weiteren chiralen oder achiralen Flussigkristallverbindungen mrt der MaBgabe, 
daG das Gemisch kein Racemat ist. 

8. Vorrichtung nach Anspruch 7, lamer enthattend wenigstens eine weitere Fiussigkristallverbindung mit einer fluo- 
rierten Endgruppe. 

9. Verlahren zur Herstellung der fluorhaltigen, chiralen Flussigkristallverbindungen nach Anspruch 3, umfassend die 
Schritte (a) Mischen wenigstens einer Verbindung der Formel 


R-(M>- a A-(NHB' 


x l Y m 


SS mit wenigstens einer Verbindung der Formel 
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Oder Mischen wenigstans einer Verbindung der Formal 

R-(M)- a A' 

k 

mit wenigstens einer Verbindung der Formel 

A-'-OjO-bB-KPH-D-Rf 

in der M, N und P jeweils unabhangig voneinander gewahlt werden aus 



O Q nQ 


und 



a, b und c jeweils unabhangig voneinander 0 Oder eine ganze Zahi von 1 bis 3 sind, mit der MaGgabe, daG die 
Summe a + b + c wenigstens 1 ist; 

A und B jeweils nicht^direktional sind und unabhangig voneinander gewahlt werden unter einer kovalenten Bin- 
dung, 


0 0 0 0 

II » II tl 

-C-O- , -C-S- , -C-Sc- , -C-Te- , 


-<CH 2 CH 2 ) k -, wobei k 1 bis 4 ist, -CH=CH-, -OC-, -CH=N- ( -CH 2 -0 

0 
II 

-c- 


und -O- 


A* A* 8* und B" jeweils unabhangig voneinander gewahlt werden aus -OH, -COOH, -CH(CH 2 OH) 2 , -SH, -SeH, 
-TeH -NH 2 , -COCI. -CHO, -OS0 2 R f \ -OS0 2 CH 3 , ^S0 2 -cyclo(C 6 H 4 )-CH 3 und -CH 2 COOH. wobei R/ ein Perflu- 
oraikylrest mit 1 bis 10 Kohlenstoffatomen ist, und mit der MaGgabe, daG A' eine Kupplungreakton mit A e.ngehen 
kann und daf3 B' eine Kupplungsreaktion mit B - eingehen kann; 
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X, Y und Z jeweils unabhangig voneinander gewahlt werden aus -CI, -F, -Br, -I, -OH, -OCH 3 ,-CH 3l CF^ -OCF 3l - 
CN und -N0 2 ; 

I, m und n jeweils unabhangig voneinander 0 oder eine ganze Zahl von 1 bis 4 sind; 
D gewahlt wird unter einer kovalenten Bindung, 

? 1 ? 

-OS0 2 -V-SO,-, -CcH,-N-SOr, -N(CpH^i) , 

CpH2p*i 


O 

-CrH^-N-C- ,-CH=N- 

und Kombinationen davon, wobei r und r 1 unabhangig voneinander ganze Zahlen von 1 bis 20 sind, s unabhangig 
voneinander (Or jedes (CJH^O) eine ganze Zahl von 1 bis 1 0 ist, t eine ganze Zahl von 1 bis 6 ist und p eine ganze 
Zahl von 0 bis 4 ist; 

R gewahlt wird aus -0-((C,H 2q 'v-( R, )v)-0)w- C ii H 2q+iv( R ')v 

O 

-<(C q .H 2q .. v -<R , ) v .H)) w ^ q H 2q+1 . v -{RV -C-O-CqHzq+i-v-CR^ • 

wobei jedes R' unabhangig voneinander gewahlt wird unter -CI, -F, CF 3 , -NO z , -CN. -H, -CqH 2qi .i. 

o o 

■^^tfh^l und -^"S^+l ' 

wobei q' unabhangig voneinander fur jedes (C q .H 2q ,-0) eine ganze Zahl von 1 bis 20 ist, q eine ganze Zahl von 1 
bis 20 ist w eine ganze Zahl von 0 bis 10 ist, v eine ganze Zahl von 0 bis 6 ist. jedes v' unabhangig voneinander 
eine ganze Zahl von 0 bis 6 ist, g eine ganze Zahl von 1 bis 3 ist. g' eine ganze Zahl von 1 bis 3 ist, jedes D 
unabhangig voneinander gewahlt wird aus der vorstehend angegebenen Gruppe und R linear oder verzweigt «t. 
mit der MaGgabe. daG R chiral ist; und 

R, ein -{C x F 2 ,0),C y F a ^ 1 -ftoat ist, wobei x unabhangig voneinander tur jedes C^O eine ganze Zahl von 1 bis 
10 ist, y eine ganze Zahl von 1 bis 10 ist und z eine ganza Zahl von 2 bis 10 ist, 
und (b) Umsetzen von A' mit A" oder B* mit 8\ 
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Revendication* 

1. Composes pour cristaux liquides optiquement actifs, chiraux t contenant du fluor ayant des mesaphases smecti- 
ques ou des m6sophases smectiques latentes, les composes compranant (a) une portion terminate fluorocarbonee 
aliphatique contenant au moins deux atomes d'oxygene ether catenaire; (b) une portion terminale hydrocarbonee 
aliphatique, chirala; et (c) un noyau central reliant lesdites portions terminates, dans iequel ladite portion terminale 
fluorocarbonee aJiphatique est representee par la formule -0{C x F 2x O) z CyF^, ou x est independamment un 
nombre entier de 1 a 10 pour chaque groupe C^F^O. y est un nombre entier de 1 a 10, z est un nombre entier 
de 2 a 10, et 0 est choisi dans le groupe forme" par une liaison covalente, 


10 


15 


20 


25 


-C-0-C r H 2r -, -0-C r H 2r -, -0-(-C 8 H 2s O-) t -C r ,H 2r ,- ( 
-C r H 2r -, -(-C s H 2s O-) t -C r ,H 2r ,-, -OS0 2 -, -S0 2 -, 
-S0 2 -C r H 2r -, -C r H 2r -N-S0 2 - # -CSC-, -CH-CH-, 

C p H 2p+l 

0 0 0 

1 I' 

-C-, -0-C-C r H 2r -, "C r H 2r -N-C-, -CH-N-. 


-0-, 


- N ( C p H 2D + l)-' 


C p H 2p+l 


30 


35 


40 


et leurs combinaisons, ou r et r' representent independamment des nombres entiers de 1 a 20, s represente 
independamment un nombre entier de 1 a 10 pour chaque (C 9 H 23 0), t represente un nombre entier de 1 a 6, et 
p represente un nombre entier de 0 a 4. 

2. Composes selon la revendication 1, dans lesquels (edit x est independamment un nombre entier de 1 a 6 pour 
chaque groupe C/^O, ledit y est un nombre entier de 1 a 6, et ledit z est un nombre entier de 2 a 6. 

3. Composes pour cristaux liquides chiraux, contenant du fluor selon la revendication 1, dans lesquels lesdits com- 
poses sont represents par la formule generate (I): 


R- (-M-) a -A-(-N-) b -B-(-P-) C -D-R f 


(I) 


45 


*1 L m *n 

dans laquelle M, N et P sont chacun independamment choisis dans le groupe forme par 


so 


SB 
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1S 



20 


25 


35 


45 


o. o. 



et 



a, b at c represented chacun independamment zero ou un nombre entier de 1 a 3, a condition que la somme de 
a+b+c soit au moins egale a 1 ; 

chaqua A et B sont choisis non directionneilement et independamment dans te groupe forme par una liaison co- 
valente, 


0 0 0 0 

II II II II 

-C-0-, -C-S-, -C-Se-, -C-Te-, -(CH 2 CH 2 ) k - 


dans laqueile k vaut 1 a 4, 


-CH-CH-, -C=C-, -CH-N-, -CH 2 ~0-, -C-, et -O-; 

chaque X, Y et 2 sont choisis independamment dans la groupe forme par -CI, -R -Br. A, -OH, -OCH 3 , -CH 3 , -CF 3l 
-OCF 3 , -CN, et -N0 2 ; chaque 1 , m at n valent independamment zero ou un nombre entier de 1 a 4; 
D est choisi dans le groupe formS par une liaison covalente, 


ss 


*?0 
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15 


25 


30 


3$ 


40 


0 0 0 

u » » 

-C-0-C r H 2r -, -0-C r H 2r -' -0-C-C r H 2r -, -CaC-, -CH-CH-, -C-, 
-0-(-C s H 2s O-) fc -C r .H 2r ,-, -C r H 2r -, -(-C s H 2s O-) t -C r ,H 2r .-, 
-O-, -S-, -OS0 2 -, -S0 2 -, -S0 2 -C r H 2r -, -C r H 2r -N-S0 2 -, 


C P H 2 P+ 1 


- N ( C p H 2p+l ) "' - C r H 2r-^ C -' 


-, -CH=N-, 


C p H 2p-l 


at leurs combinaisons, oil r et r 1 represented independamment das nambras entiars da 1 a 20. 3 represente 
20 independamment un nombre entier do 1 a 10 pour chaque (C B H 2s O), t raprasanta un nombre entier da 1 a 6. et 

p represente un nombra entier de 0 a 4; 
R est choisi dans le groupe forme par 
0-((C <t W 2q .. v -(R , )v)-0) w -C q H 2qt1 . v -(R') v . 
•((C q .H 2q , v -(H') v -0) V( -C q H 2q<lV {R') v . 


0 0 
-C"0-C q H 2q+1 . v - <R' ) v , "0-C-C q H 2q+1 _ v - (R« ) v , 


et 


dans laquelle chaque R' est choisi independamment dans le groupe forme par -CI, -F, -CF 3 , -N0 2 , -CN. -H, 

45 

0 o 

II II 

-0-C-C q -H 2q+1 , et -C-0-C q H 2q+1 , 

so 

dans laquelle q* represente independamment un nombre entier de 1 & 20 pour chaque (C q .H 2q .-0), q represente 
un nombre entier de 1 S 20, w represente un nombre entier de 0 H 10, v represente un nombre entier de 0 a 6, 
chaque V represente independamment un nombre entier de 0 k 6. g represente un nombre entier de 1 a 3, g 
represente un nombre entier de 1 a 3, chaque 0 est choisi independamment dans le groupe expose cxJessus, et 
S6 R peut etre lineaire ou ramifie, 4 condition que R soit chiral; et 

R, represente -(C^OJAF^ , dans laquelle x represente independamment un nombre ennerde 1 & 10 pour 
chaque (C^O), y represente un nombre entier de 1 * 10, et z represente un nombre entier de 2 a 10. 
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Composes salon la revendication 3 t dans lesquels ledit Rf est lineaire, ledit x est independamment un nombre 
entier da 1 a 6 pour chaqua groupe C^F^O. ledit y est un nombre entier da 1 a 6, at ledit z ast un nombre entier 
da 2 a 6. 

Melange da composes pour cristaux liquides comprenant au moins un compose" pour cristaux liquides contenant 
du fluor salon la revendication 1 an melange avec d'autres composes pour cristaux liquides chiraux ou achiraux, 
a condition que la melange ne soit pas un racemate. 

Melange selon la revendication 5, comprenant de plus au moins un autre compose pour cristaux liquides ayant 
una portion terminale fluorSe. 

Oispositif d'affichage a cristaux liquides contenant au moins un compose pour cristaux liquides contenant du fluor 
salon la revendication 1 , saul ou en melange avec d'autres composes pour cristaux liquides chiraux ou achiraux, 
a condition que le melange ne soit pas un racemate. 

Dispositit selon la revendication 7, contenant da plus au moins un autre composa pour cristaux liquides ayant une 
portion terminale fluorde. 

Procede^ pour preparer les composes pour cristaux liquides chiraux, contenant du fluor selon la revendication 3, 
comprenant les Stapes consistant (a) a melanger au moins un compose represents" par la formula: 

R- (Ml .-A-(N) b-B' 
I I 

avsc au moins un composS represents par la formule 

B"-(P}.-D-R« 


ou a melanger au moins un compose represents par la formule 

R- (M) .-A' 


avec au moins un compose represents par la formule 

A"-(N) b -3-(P) c -D-R< . 

I I 
Y„ Z„ 

oil M, N at P sont chacun independamment choisis dans le groupe forme par 
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. o . o . 


N?^ 1 ? N^~\N 


a. b at o represented chacun independamment zero ou un nombre enlier de 1 & 3. a condition que la somme de 

a+b+c vale au moins 1 ; . 
chaque A et B sont non directionnellement at independamment choisis dans le groupe forme par una la.son co- 

valente, 


0 0 0 0 

-C-0-, -C-S-, -C-Se-, -C-Te-, -(CH 2 CH 2 ) k -, 


ou k vaut 1 a 4, -CH=CH-, -C=C-. -CH=N-, -CH 2 -0-. 
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10 


15 


20 


2S 


30 


-C- et -0-; 

chaque A*, A", B' at B** sont independamment choisis dans le groupe forme par -OH, -COOH, -CH(CH 2 OH) 2 , -SH, 
-SeH, -TeH, -NH^ -COCt, -CHO, -OS0 2 R ft OS0 2 CH 3 , -OS0 2 -cycio (C 5 H 4 )-CH 3 , et -CH 2 COOH, ou Rf, est un 
groupe perfluoroalkyle ayant de 1 a 10 atomes de carbone, et a condition que A' puisse entrer dans une reaction 
de couplage avec A' et que B' puisse entrer dans une reaction de couplage avec B"; chaque X, Y et Z sont 
independamment choisis dans le groupe formd par -CI, -F, -Br, -I, -OH, -OCH 3 . -CH 3 , -CF 3 , -OCF 3 , -CN et -N0 2 ; 
chaque I, m et n sont independamment nuls ou un nombre entier de 1 a 4; 
D est choisi dans le groupe forme" par une liaison covalente, 

-C-0-CcH 2t -, -0-CcH 2r -, -0-C-C.H,.-, -C-C-, J^ 1 '^' ' C '' 
-O-(CA-0) t -C,.H le -, -C e H If -, -(C^uO)«-Cc'Hi«.-, -O-, -5-, 
-OSOa", SO*-, -SOz-CeHi,-, -CHac-N-SOj-, -N(CpH: p +i) -/ 


-C„H, -N-C-, -CH-N-, 

r 2r j 

C p H 2p+l 


et leurs combinaisons. ou r et r* sont independamment des nombres entiers de 1 a 20, s est independamment un 
nombre entier de 1 a 1 0 pour chaque (C.H 2e O), t est un nombre entier de 1 a 6, et p est un nombre entier de 0 a 4; 
3S R est choisi dans le groupe forme par 

-o-((c q « 2< ,.. v .-(R-)v)-o)w-c<,H 2q+1 . v -(R')v' 

-((C q .H 2q , v .-(n')v.)-0) w -C q H 2q+1 . v -(R') v . 


40 


4S et 


so 


0 0 

II II 
- C -°- C q H 2q+l-v- (R,) v -0-C-C q H 2q+1 . v -(R' ) v< 



55 ou chaque R est independamment choisi dans le groupe forme par -CI, -F, -CF 3 , -N0 2 . -CN, -H, -C q H aq+v 
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0 O 

II II 
-0-C-C q H 2q+1 , et ~C-0-C q H 2qU , 

ou q' est independamment un nombre entier de 1 a 20 pour chaque (C q .H 2q .-0), q est un nombre entier de 1 a 20, 
w est un nombre entier de 0 a 10, v est un nombre entier de 0 a 6, chaque v' est independamment un nombre 
10 entier de 0 a 6, g est un nombre entier de 1 a 3, g* est un nombre entier de 1 a 3, chaque D est independamment 

choisi dans le groupe presente ci-dessus, et R peut etre lineaire ou ramifie, a condition que R soit chiral; et 
R t est -(^F^O^C F^+f ou x 9St independamment un nombre entier de 1 a 10 pour chaque C^F^O, y est un 
nombre entier de /a 10, et z est un nombre entier de 2 a 10, et (b) a laisser reagir lesdits A* et A" ou & et 8". 
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40 
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